Roman Pots at RHIC

Witodek Guryn

1. PP2PP Experiment — pp elastic scattering

2. Roman Pots at STAR — physics with tagged forward
protons
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Status in 1990: p — measurement at SppS

It was summer of 1990 or so when | attended a student/postdoc seminar at FNAL (I was working on DO
experiment at the time). | learned about the anomalous p measurement at CERN.
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Fig 4 The present result on the paiameter p 1s shown together

with lower energy data for pp and pp elastic scattering

Proton-antiproton elastic scattering was measured at the CERN SPS Collider at the centr-of-mass energy ., $=546 GeV i the

Coulomb interference region The data provide information on the phase of the hadronic amplitude in the forward direction The Th e ex p e Cte d Va I ue was p = 0 . 1 2

conventional analysis gives for the ratio p of the real to the imaginary part of the hadronic amplitude the result p=0 2410 04

Knowing that RHIC program was being formulated | decided that this would be a good thing to check at RHIC.
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The Gap — Status at the time of the
proposal

Highest energy at that time:
pp: 63 GeV (ISR)
pp: 1.8 TeV (Tevatron)

pp2pp energy range:
50 GeV < Vs < 500 GeV
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A trivia question: How many experiments at the beginning
of RHIC?

PHOBOS " 12000dock - BRAHMS & PP2PP (D)
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The Collaboration: LOI #1 at RHIC ¢
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W. Guryn*, M. Sakitt, S. Tepikian
Brookhaven National Laboratory, USA

J. Bourotte, M. Haguenauer
Ecole Polytechnique/IN3P3-CNRS, Palaiseau, France

M. Bozzo, M.Conte, G.Setteo
Universita di Genova and Sezione INFN, Genova, Italy

S. Majewski, C. Zorn
CEBAF, USA

N. Akchurin
University of Towa, USA

G. Matthiae
University of Rome, Italy

A. Penzo, P. Schiavon
INFN-Trieste, Italy

*spokesperson

Abstract

We are proposing to study proton-proton (pp) elastic scattering
scattering at /s = 500 GeV. The lattice configuration and the angu-
lar coverage of the detector will allow the simultaneous study of all
three regions that characterize elastic scattering, namely the Coulomb
dominated region, the Coulomb-hadronic interference region and the
hadronic dominated region, for four momentum transfer ¢ in the range
0.0005 < t < 0.12GeV/c?. The case for the large ¢ up to 6GeV/c? is
also presented. Application to the case of polarized beams is also

discussed.
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* We had very smart and competent people who were attracted to a small experiment at a
world class facility — this was crucial.

* We were also lucky to get support from many people not on PP2PP but who were
interested enough to find time to solve many technical issues and participate in
construction — also very crucial.

* They were STAR collaborators at the time (Dave Lynn, Tonko Ljubicic, Jeff Landgraf, Bob
Soja), also from BRAHMS (Bob Scheetz, John Hammond) and PHENIX (Steve Booze) and
many at C-AD.
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Principle of the Measurement of the Forward Protons

» Forward protons have very small scattering angles 6",
hence beam transport magnets determine their trajectory.

* The optimal position for the detectors is where scattered

protons are well separated from beam protons.

* Need Roman Pot to measure scattered protons close to

y-detector (silicon)

Ela gtic tri d . .
entilatag the beam without breaking accelerator vacuum.

Scattered
proton

The relation of the position, angle, and dispersion of the beam particle at points s, and s,
with respect to reference orbit is described by the transfer matrix

( 2(39) \ / v, L, myz myy 1)_,.\ ( x(sy) \
x'(s9) vl L mgy o mgy D x'(sy)
y(s) | =| ma mew v, L, D, || )
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Principle of the Measurement

Beam transport equations for elastically scattered protons: relate measured position
at the detector to scattering angle at the IP (beam dispersion can be neglected).
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Xo,Yo: Position at Interaction Point
O©*, ©*,: Scattering Angle at IP
Xp, Yp : Position at Detector

O%,, ©Y, : Angle at Detector

e MEASUREMENT TECHNIQUE N\

To a good approximation the magnet transport equations that connect the initial scattering angle 67
of the scattered proton in the vertical direction and the initial interaction position y, to the measured
position y and angle 6, at the detector are :

y=a11-y0+Lgff'9;
0y = a1z - yo + ag -

where a;; and LY, ; = a,, are coefficients of the beam transport matrix. The position of the two
Roman pots closest fo the IR were chosen such that a,; is small and LY, ; is large, so that:

y =~ LY;; - 07 Parallel to point focusing

The hit position depends only on the scattering angle (parallel to point focusing). The large LY,

quimizes low || acceptance.

/
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Roman Pot Design — Very Conservative

Roman Pot Design

Sl for proach to beam

Roman Pot Stations

Silicon Strip Detector

Pot SVX Readout Ics

- . Roman Pot Detector System
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(scintillator)

Scattere d
proton
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In elastic scattering protons are acollinear.

_below the
Very important constraint in the analysis beam
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TABLE I: Double spin asymmetries Ayxy, Ass, (Anny + Ass)/2 and (Ayny — Agsg)/2 for the

Results from PP2PP

t-interval 0.010 < —t < 0.030 (GeV/c)? at < —t >= 0.0185 (GeV /c)?.

ANN Ass (Ann + Ass)/2|(ANN — Ass)/2
Asym 0.0298 0.0035 0.0167 0.0131
AAsym (stat.4+norm.) +0.0166 +0.0081 +0.0091 +0.0096
AAsym (syst.) +£0.0045 +0.0031 +0.0034 +0.0072

AAsym due to A(Py - Pp)

+32.3 %
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Phys. Lett. B647, 98 - 103 (2007)
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Then the 2006 RHIC funding crisis came

In 2005, despite very good progress and three
publications being worked on, the PP2PP
experiment was cancelled by the BNL ALD.

This is when | learned the importance of this cartoon.
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Joining STAR in 2006: Physics with Tagged Forward Protons

Need detectors to tag forward protons and detector with good acceptance and
particle ID to measure central system

Roman Pots of PP2PP and STAR

Phase | Phase |
l Phase |l
{\\{f A\ JANAVY/AY
< l ANV g

1. Elastic Scattering

2. Central Exclusive Production

3. Particle Production in SDD
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Phase Il Experimental Setup

Top view
- El wi W2 X
DX DX Z
DO DO
-15.I8 m (I) 15.%; m
Side view
E2U E1U W1U w2uU y
| | IP i |
| | e | |
E2D E1D W1D &

Trigger detector

There is only one dipole magnet (DX) between the collision point and 1“
the Roman Pots (RPs). Bending is only in (x,z) plane. — = || xdetector(icon)

Scattered _ Y-detector (silicon)
proton

In this configuration, RP program at STAR was able to acquire large data samples
without special running conditions — mostly for CEP, SDD and CP analyses.
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Results: Elastic Scattering

doe _ 14 p? o2 . o—Blt
dt 167 (hc)2 Tt

2
Optical theorem 0152 = (167(h0) ) doe;
¢ 1+ p? dt |,_,
dael
Extrapolated to full t-range o¢; = o dt

The value of p =0.128 from

COMPETE model was used*.
* Phys. Rev. Lett. 89 (2002) 201801
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We don’t see a need for a nonlinear term in the exponent
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Comparison with the World Data
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STAR results compare well with the world data and the COMPETE predictions: Phys. Rev. Lett. 89 (2002) 201801
Plots form the TOTEM Collaboration https://arxiv.org/pdf/1712.06153v2.pdf with STAR preliminary results added
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Central Exclusive Production (CEP)

Exclusive means that all particles in the final state are measured

pp=>pXp

p p
" ” | | | |
P ¢ For each proton vertex one has
X | | | " t four-momentum transfer
} An, } } An, } E.» = .Ap/p _
P .} } } } My invariant mass
| | - |
5 > > 5 0 n

In terms of QCD, Pomeron exchange consists of the exchange of a color singlet
combination of gluons. Hence, triggering on forward protons at high (RHIC) energies
predominantly selects exchanges mediated by gluonic matter.
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CEP at STAR

Roman Pots
Side view
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Central Exclusive Production
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Charged Particle Production at Mid Rapidity in SDD and CP Processes%
STAF

p+p—p+X

pt+tp—p+X+p

5 bx

Fairly good agreement
between MC and data
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summary

1. Roman Pots at RHIC were used successfully in two experiments at
RHIC: PP2PP and STAR

Many physics results were obtained and few more coming

Few lessons learned:

* It is important to have Roman Pots integrated and optimized at the design stage of the
experiments - not a problem for EIC since measuring of forward protons is essential for many
physics topics.

* Knowledge of magnetic elements with as run parameters is crucial for precision
measurements.

* Alignment with respect to the magnetic field and the beam trajectory is important and
should be part of the plan from the beginning.

» Survey of limiting apertures, especially in (x,y) plane.
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